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(54) Fuel cell power plant with reformer 

(57) In a fuel cell system, a start-up combustor (1 0) 
combusts a gaseous mixture of fuel supplied by an in- 
jector (15) and air supplied from a valve (12C) at a rich 
air-fuel ratio, and supplies high temperature combustion 
gas to a reformer (3) in order to activate the reforming 
catalyst. After completion of activation, the controller 
(50) stops supply of air by the valve (1 2C) and thereafter 
stops the fuel supply by the injector (15). During this de- 
lay period, combustion of fuel using residual air is per- 
formed at a rich air-fuel ratio by increasing the fuel sup- 
ply amount of the injector (1 5). Thus it is possible to pre- 
vent temperature increase of the combustion gas as a 
result of the gaseous mixture approaching a stoichio- 
metric air-fuel ratio after stopping fuel supply. 
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Description 

FIELD OF THE INVENTION 

[0001] This invention relates to warming up of a re- 
former for a fuel ceil power plant. 

BACKGROUND OF THE INVENTION 

[0002] In a fuel cell power plant using a hydrogen-rich 
gas generated by reforming gasoline or methanol by a 
reformer, it is necessary to promptly warm up the reform- 
er when the power plant starts to operate. 
[0003] Tokkai 2000-631 04 published by the Japanese 
Patent Office in 2000 discloses a start-up combustor 
which promotes the warm-up of the reformer by provid- 
ing a high temperature gas generated by combustion of 
f uel . The combustor uses glow plug to ignite fuel injected 
into a combustion chamber from a fuel injector and 
transfers the resultant combustion gas to the reformer 
so as to activate a reforming catalyst in the reformer. 
[0004] Once the reforming catalyst is activated by the 
high temperature combustion gas, the reforming cata- 
lyst maintains an activation temperature with the heat of 
reactions resulting from reforming vaporized fuel. Con- 
sequently heating with the combustion gas is no longer 
necessary. When the reforming catalyst reaches an ac- 
tivation temperature, the start-up combustor stops fuel 
injection by the fuel injector. 

SUMMARY OF THE INVENTION 

[0005] Even when the fuel injection by the fuel injector 
is stopped, combustion in the combustion chamber 
does not immediately stop due to residual encom- 
passed fuel in the combustion chamber. 
[0006] When combustion in the combustion chamber 
during warm-up is performed under a rich air-fuel ratio, 
the air-fuel ratio varies from rich to lean after fuel injec- 
tion is stopped as encompassed fuel is combusted. 
[0007] Providing that the amount of fuel is reduced 
from a rich air-fuel ratio with a constant air supply, com- 
bustion gas having a maximum temperature is produced 
when the air-fuel ratio falls to a stoichiometric air-fuel 
ratio. 

[0008] As a result, due to combustion of the residual 
fuel after fuel injection is stopped, the temperature of 
the combustion gas may undergo a large increase. If 
such a high-temperature combustion gas is transferred 
to the reforming catalyst which has already reached the 
activation temperature, the temperature of the reforming 
catalyst may exceed the activation temperature range 
and the performance of the catalyst may be adversely 
affected. 

[0009] It is therefore an object of this invention to pre- 
vent the combustor from generating an excessive heat 
after the fuel injection is stopped. 
[0010] In order to achieve the above object, this in- 
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vention provides a fuel cell puv»2f plant performing pow- 
er generation using a hydrogen-containing reformate 
gas. 

[0011] The power plant comprises a reformer com- 

5 prising a reforming catalyst which generates the hydro- 
gen-containing reformate gas from a source material in 
a predetermined activation temperature range, a start- 
up combustor which combusts a gaseous mixture of fuel 
and air and supplies a resultant combustion gas to the 

10 reformer to warm up the reformer to an activation tem- 
perature range, an air supply device which supplies air 
to the start-up combustor, a fuel supply device which 
supplies fuel to the start-up combustor, a sensor which 
detects completion of warming up of the reformer, and 

15 a programmable controller. 

[0012] The programmable controller is programmed 
to control a fuel supply amount of the fuel supply device 
and an air supply amount of the air supply device to 
maintain an air-fuel ratio of the gaseous mixture at a pre- 

20 determined value other than a stoichiometric air-fuel ra- 
tio, and control the fuel supply amount of the fuel supply 
device and the air supply amount of the airsupply device 
to cause a difference of the stoichiometric air-fuel ratio 
and the air-fuel ratio of the gaseous mixture to be greater 

25 than a difference of the predetermined value and the 
stoichiometric air-fuel ratio, in the period after comple- 
tion of wanning up of the reformer until a combustion of 
the gaseous mixture terminates. 

[0013] According to a preferable aspect of this inven- 

30 tion, the programmable controller is programmed to 
control a fuel supply amount of the fuel supply device 
and an air supply amount of the air supply device to 
maintain an air-fuel ratio of the gaseous mixture at a pre- 
determined rich air-fuel ratio, stop air supply of the air 

35 supply device after completion of warm up of the reform- 
er, and control the fuel supply device to temporarily in- 
crease the fuel supply amount of the fuel supply device 
until stopping fuel supply of the fuel supply device. 
[0014] This invention also provides a control method 

40 for a fuel cell power plant performing power generation 
using a hydrogen-containing reformate gas, wherein the 
fuel cell power plant comprises a reformer comprising a 
reforming catalyst which generates the hydrogen-con- 
taining reformate gas from a source material in a prede- 

45 termined activation temperature range, a start-up com- 
bustor which combusts a gaseous mixture of fuel and 
air and supplies a resultant combustion gas to the re- 
former to warm up the reformer to an activation temper- 
ature range, an air supply device which supplies air to 

so the start-up combustor, and a fuel supply device which 
supplies fuel to the start-up combustor. 
[0015] The method comprises detecting completion 
of warming up of the reformer, controlling a fuel supply 
amount of the fuel supply device and an air supply 

55 amount of the air supply device to maintain an air-fuel 
ratio of the gaseous mixture at a predetermined value 
other than a stoichiometric air-fuel ratio, and controlling 
the fuel supply amount of the fuel supply device and the 
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air supply amount of the air supply device to cause a 
difference of the stoichiometric air-fuel ratio and the air- 
fuel ratio of the gaseous mixture to be greater than a 
difference of the predetermined value and the stoichio- 
metric air-fuel ratio, in the period after completion of 5 
warming up of the reformer until a combustion of the 
gaseous mixture terminates. 

[0016] The details as well as other features and ad- 
vantages of this invention are set forth in the remainder 
of the specification and are shown in the accompanying io 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a schematic diagram of a fuel cell is 
power plant according to this invention. 
[001 8] FIG. 2 is a flowchart describing a stopping rou- 
tine of the start-up combustor performed by a controller 
according to this invention. 

[0019] FIGs. 3A - 3C are timing charts describing air- 20 
fuel ratio variation in the start-up combustor due to the 
execution of the routine of FIG. 2. 
[0020] FIG. 4 is a flowchart describing a stopping rou- 
tine of the start-up combustor performed by a controller 
according to a second embodiment of this invention. 25 
[0021 ] FIGs. 5A - 5C are timing charts describing gas 
temperature variation in the start-up combustor due to 
the execution of the routine of FIG. 4. 
[0022] FIG. 6 is a schematic diagram of a fuel cell 
power plant according to a third embodiment of this in- 30 
vention. 

[0023] FIG. 7 is a flowchart describing a stopping rou- 
tine of the start-up combustor performed by a controller 
according to a third embodiment of this invention. 
[0024] FIG. 8 is a flowchart describing a scavenging 35 
routine for residual methanol performed by the controller 
according to the third embodiment of this invention. 
[0025] FIG. 9 is a schematic diagram of a fuel cell 
power plant according to a fourth embodiment of this 
invention. *o 
[0026] FIG. 10 is a flowchart describing a stopping 
routine of the start-up combustor performed by a con- 
troller according to the fourth embodiment of this inven- 
tion. 

[0027] FIG. 1 1 is a flowchart describing a scavenging 45 
routine for residual methanol performed by the controller 
according to the fourth embodiment of this invention. 
[0028] FIG. 12 is a schematic diagram of a fuel ceil 
power plant according to a fifth embodiment of this in- 
vention, so 
[0029] FIG. 13 is a flowchart describing a stopping 
routine of the start-up combustor performed by a con- 
troller according to the fifth embodiment of this inven- 
tion. 

[0030] FIG. 14 is a flowchart describing a scavenging 55 
routine for residual methanol performed by the controller 
according to the fifth embodiment of this invention. 
[0031] FIG. 15 is a schematic diagram of a fuel cell 



power plant according to a sixth embodiment of this in- 
vention. 

[0032] FIG. 16 is a flowchart describing a stopping 
routine of the start-up combustor performed by a con- 
troller according to the sixth embodiment of this inven- 
tion. 

[0033] FIG. 1 7 is a flowchart describing a scavenging 
routine for residual methanol performed by the controller 
according to the sixth embodiment of this invention. 
[0034] FIG. 1 8 is a flowchart describing a fuel injection 
stopping routine performed by a controller according to 
a seventh embodiment of this invention. 
[0035] FIGs. 19A - 19C are timing charts describing 
gas temperature variation in the start-up combustor due 
to the execution of the routine of FIG. 18. 
[0036] FIG. 20 is a schematic diagram of a fuel cell 
power plant according to a seventh embodiment of this 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0037] Referring to FIG. 1 of the drawings, a fuel cell 
power plant for a vehicle comprises a fuel cell stack 1 , 
a compressor 2, a reformer 3, a carbon monoxide oxi- 
dizer 4, a vaporizer 5, a methanol tank 6, a water tank 
7, a catalytic combustor 9, a start-up combustor 10 and 
a premixer 11. 

[0038] The fuel cell stack 1 comprises laminated pol- 
ymer electrolyte fuel cells (PEFC). Each cell is provided 
with an anode 1 B and a cathode 1 A. Power is generated 
using hydrogen-rich gas applied to the anode 1 B and 
air applied to the cathode 1 A. A hydrogen-containing an- 
ode effluent produced by the anode 1 B and an oxygen- 
containing cathode effluent produced by the cathode 1 A 
are respectively discharged during power generation. 
The hydrogen-containing anode effluent and the oxy- 
gen-containing cathode effluent are supplied by respec- 
tive flow control valves 20, 19 to a mixer 8 with which 
the catalytic combustor 9 is provided. 
[0039] The compressor 2 supplies air to the cathode 
1 A through a valve 1 2A. The compressor 2 also supplies 
air to the premixer 11 through a valve 1 2B, to the start- 
up combustor 10 through a valve 12C and to the mixer 
8 through a valve 12D. 

[0040] The methanol tank 6 stores liquid methanol as 
a source material for reforming. The methanol in the 
methanol tank 6 is pressurized by a methanol pump 13 
and supplied to a vaporizer 5 through a flow control 
valve 1 4. The methanol pump 1 3 also supplies methanol 
to the premixer 11 and the start-up combustor 10. 
[0041 ] The water tank 7 stores water. The water in the 
water tank 7 is supplied to the vaporizer 5 through a flow 
control valve 1 8 from a water pump 1 7. 
[0042] The mixer. 8 supplies gaseous mixture of hy- 
drogen-containing anode effluent and oxygen-contain- 
ing cathode effluent or gaseous mixture of air and refor- 
mate gas to the catalytic combustor 9. The catalytic 
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combustor 9 performs catalytic combustion of the gas- 
eous mixture and supplies the heat of combustion to the 
vaporizer 5. 

[0043] The vaporizer 5 uses the heat of combustion 
in order to vaporize water supplied from a water pump 
17 and methanol supplied from the methanol pump 13. 
The resulting gaseous mixture of methanol and water is 
then supplied to the reformer 3. 

[0044] A reforming catalyst stored in the reformer 3 
employs partial oxidation reactions and steam reforming 
reactions on the gaseous mixture of water, methanol 
and air supplied through the valve 12B in order to gen- 
erate reformate gas. The partial oxidation reactions 
comprise exothermic reactions which allow mainte- 
nance of activation temperature of the reforming cata- 
lyst once activated. The steam reforming reactions com- 
prise endothermic reactions which uses the heat gener- 
ated by the partial oxidation reactions. 
[0045] The carbon monoxide oxidizer 4 of this embod- 
iment is designed as a heat exchanger in which an ox- 
idizing catalyst is incorporated. The oxidizing catalyst 
performs preferential oxidation reactions on the refor- 
mate gas mixed with air supplied from a valve 12E in 
order to produce hydrogen-rich gas by removing carbon 
monoxide (CO) from the reformate gas. The resulting 
hydrogen-rich gas is supplied to the anode 1 B of the fuel 
cell stack 1 or to the mixer 8 of the catalytic combustor 
9 through a switching valve 27. These preferential oxi- 
dation reactions are also exothermic and allow mainte- 
nance of activation temperature of the reforming cata- 
lyst once activated. 

[0046] Excess heat generated by the preferential ox- 
idation reactions is cooled by the coolant supplied from 
a carbon monoxide oxidizer cooler (CMO cooler) 60. 
[0047] When the power plant starts to operate, high- 
temperature combustion gas is supplied to the reformer 
3 from the start-up combustor 1 0 in order to activate the 
reforming catalyst of the reformer 3. The start-up com- 
bustor 10 is provided with a fuel injector 15 and a glow 
piug 28. The start-up combustor 10 performs combus- 
tion by igniting a gaseous mixture of methanol injected 
from the fuel injector 1 5 and air supplied from the valve 
12C with a glow plug 28 and supplies the combustion 
gas to the premixer 11 . 

[0048] The premixer 1 1 is provided with a fuel injector 
16. The premixer 11 produces a gaseous mixture of the 
combustion gas supplied from the start-up combustor 
10 and methanol injected from the fuel injector 16. Fur- 
ther, it mixes the gaseous mixture with air supplied from 
the valve 12B. 

[0049] The premixer 11 also lowers the temperature 
of the gaseous mixture so as to be lower than a heat- 
resistant temperature of the reforming catalyst of the re- 
former 3 through the above mixing process. The result- 
ing gaseous mixture is supplied to the reformer 3. 
[0050] The control of the power plant including control 
during start-up using the start-up combustor 1 0 and the 
premixer 1 1 is performed by signals output from a con- 



troller 50. 

[0051] The controller 50 comprises a microcomputer 
or plural microcomputers each of which is provided with 
a central processing unit (CPU), a read only memory 
5 (ROM), a random access memory (RAM) and an input/ 
output interface (I/O interface). 

[0052] In order to perform the above control, signals 
are input to the controller 50 from a temperature sensor 
21 which detects the temperature of the combustion gas 

10 produced by the start-up combustor 10, a temperature 
sensor 22 which detects the temperature of the gaseous 
mixture produced by the premixer 11, a temperature 
sensor 23 which detects the temperature of the vapor- 
izer 5, a temperature sensor 24 which detects the tem- 

15 perature of the gaseous mixture supplied to the reformer 
3 from the vaporizer 5, a pressure sensor 25 which de- 
tects the pressure of the gaseous mixture supplied from 
the vaporizer 5 to the reformer 3, and a concentration 
sensor 26 which detects the concentration of CO in the 

20 hydrogen-rich gas produced by the carbon monoxide 
oxidizer 4. 

[0O53] The start-up operation of the fuel cell power 
plant is summarized as follows. 

[0054] Firstly rich gaseous mixture is produced by 

25 supplying air to the start-up combustor 1 0 by operating 
the compressor 2 and injecting fuel into the start-up 
combustor 1 0 from the fuel injector 1 5 by operating the 
methanol pump 13. The rich gaseous mixture is com- 
busted by ignition with the glow plug 28. The controller 

30 50 determines whether or not the start-up combustor 1 0 
has reached aflame stabilization temperature based on 
the temperature of the combustion gas detected by the 
temperature sensor 21 . When the start-up combustor 
10 reaches the flame stabilization temperature, thecon- 

35 troller 50 stops ignition using the glow plug 28. In con- 
trast, fuel injection by the fuel injector 15 is continued. 
[0055] The premixer 11 produces the gaseous mix- 
ture by mixing the combustion gas supplied from the 
start-up combustor 1 0 with methanol and air such that 

40 the methanol concentration and temperature of the mix- 
ture are suitable for reforming operations and supplies 
the gaseous mixture to the reformer 3. The temperature 
of the reforming catalyst in the reformer 3 rises towards 
the activation temperature range due to the heat of gas- 

45 eous mixture. 

[0056] The activated reforming catalyst reforms the 
gaseous mixture by partial oxidation and supplies the 
resultant reformate gas to the carbon monoxide oxidizer 
4. The oxidizing catalyst of the carbon monoxide oxidiz- 

50 er 4 is activated by the heat from the reformate gas sup- 
plied from the reformer 3. 

[0057] However, at an early stage of the start-up op- 
eration, the oxidizing catalyst of the carbon monoxide 
oxidizer 4 is not fully activated, so the switching valve 
55 27 maintains a position in which the carbon monoxide 
oxidizer 4 is connected to the mixer 8 of the catalytic 
combustor 9. 

[0058] The mixer 8 mixes gas flowing from the carbon 
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monoxide oxidizer 4 with air from the valve 1 2D and sup- 
plies the gaseous mixture to the catalytic combustor 9. 
The catalytic combustor 9 performs catalytic combus- 
tion of the gaseous mixture and supplies the heat of 
combustion to the vaporizer 5. 

[0059] When the vaporizer 5 is sufficiently warmed up 
by the heat of combustion, the methanol pump 13 starts 
to supply methanol to the vaporizer 5 via the flow control 
valve 14 and the water pump 1 7 starts to supply water 
to the vaporizer 5 via the flow control valve 1 8. The va- 
porizers, using the heat of combustion, vaporizes meth- 
anol and water, and the resulting gaseous mixture of wa- 
ter vapor and methanol vapor is supplied to the reformer 
3. 

[0060] The temperature of this gaseous mixture de- 
tected by the temperature sensor 24 and the pressure 
of the gaseous mixture detected by the pressure sensor 
25 respectively rise as the vaporizer 5 becomes fully 
functional. When the controller 50 determines the es- 
tablishment of the reforming cycle of fuel through the 
vaporizer 5, the reformer 3, the carbon monoxide oxi- 
dizer 4 and the catalytic combustor 9 based on the input 
signals from the above sensors, the supply of methanol 
to the premixer 11 and the supply of air and methanol 
to the start-up combustor 1 0 are stopped. 
[0061] Thereafter the controller 50 continues opera- 
tion of the fuel ceil power plant with this reforming cycle 
and determines whether or not the CO concentration de- 
tected by the concentration sensor 26 has reached a 
concentration suitable for supply to the fuel cell stack 1 
as a hydrogen-rich gas. When the CO concentration 
falls to the concentration suitable for supply to the fuel 
cell stack 1, the controller 50 switches the switching 
valve 27, and initiates power generation in the fuel cell 
stack 1 by supplying hydrogen-rich gas to the anode 1 B 
of the fuel cell stack 1 and supplying air to the cathode 
1A of the fuel cell stack 1 through the valve 12A from 
the compressor 2. 

[0062] When the injection of methanol in the start-up 
combustor 1 0 is stopped, as described above, it is nec- 
essary to avoid the production of high -temperature com- 
bustion gas after stopping injection. 
[0063] The controller 50 prevents the production of 
high-temperature combustion gas after stopping fuel in- 
jection by performing a stopping routine of the start-up 
combustor 1 0 shown in FIG. 2. This routine is performed 
on only a single occasion when the controller 50 stops 
the operation of the start-up combustor 10. 
[0064] Firstly in a step S1 , the controller 50 calculates 
a current air-fuel ratio ABF'in the start-up combustor 10 
from the opening of the valve 1 2C and the fuel injection 
signal to the fuel injector 15. 

[0065] Then in a step S2, the valve 12C is closed and 
the supply of air to the start-up combustor 1 0 is stopped. 
Even when the valve 12C is closed, residual air contin- 
ues to exist along the passage from the valve 1 2C to the 
start-up combustor 10. 

[0066] I n a next step S3, the controller 50 sets the fuel 
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injection amount of the fuel injector 15 to a maximum 
value. 

[0067] In a next step S4, the controller 50 determines 
whether or not the following relation has been estab- 
lished. 

QM > #QMMX - QMABF 

Where, 

QM- the summed injection amount after start- 

ing increase of the fuel injection amount 
in the step S3, 

#QMMX = fuel amount required for regulating the air- 
fuel ratio in the start-up combustor 10 to 
be equal to a rich combustion limit = a con- 
stant, and 

QMABF = fuel amount in the start-up combustor 10 
corresponding to the air-fuel ratio ABF 
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[0068] The rich combustion limit of methanol corre- 
sponds to the air-fuel ratio of approximately 1 .6. 
[0069] In the above relationship, an amount of addi- 
tional fuel required to increase the air-fuel ratio from ABF 
to the rich combustion limit is first calculated, and then 
it is determined whether or not the amount of fuel inject- 
ed after closing the valve 1 2C has reached the calculat- 
ed amount. 

[0070] The controller 50 maintains the fuel injection 
amount of the fuel injector 15 to a maximum value until 
the above relationship is satisfied. 
[0071 ] When the relationship is established, in a step 
S5 the controller 50 stops fuel injection by the fuel injec- 
tor 15 and terminates the routine. 
[0072] Next, referring to FIGs. 3A - 3D, variation in the 
air-fuel ratio in the start-up combustor 1 0 resulting from 
this control will be described. 

[0073] When the start-up combustor 10 operates to 
warm up the reformer 3, the controller 50 outputs a com- 
mand signal to the valve 12C to maintain a predeter- 
mined opening as shown in FIG. 3A, and outputs a com- 
mand signal to the fuel injector 15 to inject a predeter- 
mined amount of fuel as shown in FIG. 3B. As a result, 
a gaseous mixture of rich air-fuel ratio as shown in FIG. 
3C is combusted In the start-up combustor 1 0 and re- 
sultant high -temperature combustion gas is transferred 
to the reformer 3 via the premixer 11 . 
[0074] At a time 1 1 when the above reforming cycle is 
established, the controller 50 outputs a command signal 
to the air valve 1 2C to cut off air supply after calculating 
the air-fuel ratio ABF. However, since residual air con- 
tinues to exist in the space from the valve 12C to the 
start-up combustor 10, combustion in the start-up com- 
bustor 10 is not immediately stopped. The residual air 
is consumed by combustion of fuel in the in the start-up 
combustor 1 0. 

[0075] At the same time as the controller 50 closes 
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the valve 12C, the injection amount of the fuel injector 
15 is increased to the maximum as shown in FIG. 3B. 
Consequently as shown in FIG. 3C, combustion is per- 
formed at an air-fuel ratio which is richer than that before 
closure of the air valve 1 2C. Combustion becomes slug- 
gish as the amount of air decreases, and combustion 
stops when the air-fuel ratio exceeds a rich combustion 
limit. At a time 12, when the relationship in the step S4 
is established, fuel injection by the fuel injector 15 is 
stopped. 

[0076] In this manner, after closing the valve 1 2C, the 
air-fuel ratio in the start-up combustor 10 is maintained 
rich until combustion stops, so temperature increase in 
the combustion gas immediately after the fuel injection 
is stopped is prevented. 

[0077] The reforming catalyst in the reformer 3 which 
has already activated will therefore not suffer an exces- 
sive heat-up due to a contact with combustion gas trans- 
ferred from the start-up combustor 1 0. 
[0078] Apart from starting up the fuel cell power plant, 
the start-up combustor 10 and premixer 11 may also be 
used for the purpose of increasing supply amount of 
gaseous mixture to the reformer 3 when a power gen- 
eration requirement to the fuel cell stack 1 is sharply in- 
creased during normal operation of the power plant. 
[0079] In this case, it is possible to prevent abnormal 
temperature increase in the reforming catalyst of the re- 
former 3 by stopping the start-up combustor 1 0 with the 
process above after load becomes stabilized. 
[0080] Next, referring to FIG. 4 and FIGs. 5A - 5C, a 
second embodiment of this invention will be described. 
[0081] In this embodiment, the controller 50 controls 
the fuel injection amount of the fuel injector 1 5 using the 
temperature of the combustion gas as a parameter in- 
stead of summing the fuel injection amount. 
[0082] Specifically, a routine shown in FIG. 4 is per- 
formed instead of that shown in FIG. 2 in the first em- 
bodiment as the stopping routine for the start-up com- 
bustor 10. In this routine, the step S1 in the routine of 
FIG. 2 is omitted and the step S4 is replaced by a step 
S4A. The other steps as well as the hardware construc- 
tion of the fuel cell power plant are the same as those 
of the first embodiment. 

[0083] In the step S4A, the controller 50 compares the 
temperature TG of the combustion gas detected by the 
temperature sensor 21 with a predetermined tempera- 
ture #TGLW. The predetermined temperature #TGLW 
corresponds to the self-ignition temperature of the gas- 
eous mixture. When the combustion temperature TG is 
lower than the self-ignition temperature, the gaseous 
mixture tends not to ignite. 

[0084] As shown in FIG. 5A, at a time 1 1 . after closing 
the valve 12C, the fuel injector 15 is controlled to in- 
crease the fuel injection amount to the maximum value 
and maintain it as long as the combustion gas temper- 
ature TG is higher than the predetermined temperature 
#TGLtV. Fuel injection is stopped at a time £2 when the 
combustion gas temperature TG becomes lower than 
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the predetermined temperature #TGLW. 
[0085] The ignition temperature related to catalytic 
combustion in the start-up combustor 1 0 depends on the 
amount of the catalyst in the start-up combustor 1 0 and 
the amount of methanol supplied thereto. By properly 
setting this relation, the ignition temperature not higher 
than 100°C is realized. 

[0086] Providing that the above situation is existing, 
the predetermined temperature #TGLW\s herein set to 
a value not higher than 100°C. The optimal setting of 
the predetermined temperature #TGLW may however 
be obtained through experiments, because the ignition 
temperature of methanol broadly varies by the specifi- 
cation and the operation condition of the start-up com- 
bustor 10. 

[0087] In the same manner as the first embodiment, 
this embodiment also prevents temperature increase in 
the combustion gas immediately after the fuel injection 
is stopped in the start-up combustor 10. 
[0088] Referring to FIGs. 6 to 8, a third embodiment 
of this invention will be described. 
[0089] In this embodiment, after the fuel injector 15 
stops injection of methanol in the start-up combustor 10, 
residual methanol in the start-up combustor 1 0 is scav- 
enged using hydrogen-rich gas. The scavenged meth- 
anol is then supplied to the catalytic combustor 9. 
[0090] For this purpose, a passage 30 supplying hy- 
drogen-rich gas to the start-up combustor 10 is 
branched off from a passage connecting the carbon 
monoxide oxidizer 4 and the switching valve 27. A flow 
control valve 29 is provided in the passage 30. 
[0091] Further, a switching valve 32 is provided in a 
passage from the start-up combustor 1 0 to the premixer 
1 1 so as to branch off a passage 31 to the mixer 8. These 
valves 29, 32 are controlled by signals output from the 
controller 50. The hardware construction of the other 
part of the fuel cell power plant is the same as that de- 
scribed with reference to the first and second embodi- 
ments. 

[0092] In this embodiment, when stopping operation 
of the start-up combustor 1 0, a stopping routine shown 
in FIG. 7 is performed by the controller 50. 
[0093] Referring to FIG. 7, the process in the steps 
S1 - S5 is the same as the routine of FIG. 2 according 
to the first embodiment. However after the controller 50 
stops the fuel injection by the fuel injector 15, in a step 
S6, a subroutine shown in FIG. 8 is performed in order 
to scavenge residual methanol in the start-up combustor 
10. 

[0094] Referring to FIG. 8, firstly in a step S11, the 
controller 50 resets a timer value TM1 to a value of zero. 
[0095] Then in a step S12, the flow control valve 29 
is opened and the switching valve 32 is switched so that 
the start-up combustor 1 0 is connected to the mixer 8 
via the passage 31 . Then in a step S13, the timer value 
TM1 is incremented. 

[0096] In a step S14, it is determined whether or not 
the timer value TM1 has exceeded a predetermined val- 
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ue #TMMAX1. The process in th^steps S13 and S14 is 
repeated until the timer value TM1 exceeds the prede- 
termined value 8TMMAX1. In the step S14, when the 
timer value TM1 has exceeded the predetermined value 
&TMMAX1, the controller 50 closes the flow control 
valve 29 in a step S15 and switches the switching valve 
32 so that the start-up combustor 1 0 is connected to the 
premixer 11. The subroutine is terminated after this 
process and the routine as shown in FIG. 7 is terminated 
at the same time. 

[0097] According to this embodiment, after the start- 
up combustor 10 stops combustion with the air-fuel ratio 
at the rich combustion limit, hydrogen-rich gas produced 
by the carbon monoxide oxidizer 4 is supplied to the 
start-up combustor 10. 

[0098] Since the temperature of the hydrogen-rich 
gas is high due to catalytic reactions in the reformer 3 
and carbon monoxide oxidizer 4, heat exchange with 
methanol is performed when the hydrogen-rich gas is 
introduced in the start-up combustor 10, and the meth- 
anol is vaporized due to the heat rendered by the hydro- 
gen-rich gas. The hydrogen-rich gas expels the vapor- 
ized methanol to the catalytic combustor 9. 
[0099] Since the hydrogen-rich gas contains almost 
no oxygen, residual methanol in the start-up combustor 
1 0 is prevented from combusting even with the heat ren- 
dered by the hydrogen-rich gas. The vaporized metha- 
nol expelled from the start-up combustor 10 by the hy- 
drogen-rich gas is combusted in the catalytic combustor 
9 and heat generated by this combustion is reused to 
vaporize methanol in the vaporizer 5. 
[0100] According to this embodiment, in addition to 
preventing increases in the temperature of the combus- 
tion gas immediately after stopping fuel injection in the 
start-up combustor 10 in the same manner as the first 
embodiment, it is possible to prevent deterioration of op- 
erating performance or ignition characteristics of the 
start-up combustor 10 due to residual methanol on the 
next occasion when it is operated. 
[0101] Referring to FIGs. 9-11, a fourth embodiment 
of this invention will be described. 
[01 02] The fuel cell power plant according to this em- 
bodiment omits the passage 30 and the flow control 
valve 29 from the third embodiment. The controller 50 
performs a stopping routine shown in FIG. 10 when 
stopping operation of the start-up combustor 10. 
[0103] The process in the steps S1 -S5 in this routine 
is the same as the routine of FIG. 2 according to the first 
embodiment. However after stopping fuel injection by 
the fuel injector 1 5 in the step S5, the controller 50 per- 
forms a subroutine shown in FIG. 11 in order to scav- 
enge residual methanol in the start-up combustor 10 in 
a step S6A. 

[0104] Referring to FIG. 11 , the controller 50 first re- 
sets the timer value TM2to a value of zero in a step S21 . 
[0105] Then in a step S22, the valve 12C is opened 
and the switching valve 32 is switched so that the start- 
up combustor 1 0 is connected to the mixer 8 via the pas- 
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sage 31 . Then in a step S23, the timer value TM2 is in- 
cremented. 

[0106] In a step S24, it is determined whether or not 
the timer value TM2 has exceeded a predetermined val- 
ue #TMMAX2. The process in the steps S23 and S24 is 
repeated until the timer value TM2 exceeds the prede- 
termined value 8TMMAX2. In the step S24, when the 
timer value TM2 has exceeded the predetermined value 
&TMMAX2, the controller 50 closes the valve 12C in a 
step S25 and switches the switching valve 32 so that 
the start-up combustor 10 is connected to the premixer 
11 . The subroutine is terminated after this process and 
the routine of FIG. 10 is terminated at the same time. 
[0107] According to this embodiment, after the start- 
up combustor 1 0 stops combustion with the air-fuel ratio 
at the rich combustion limit, air from the valve 12C is re- 
supplied to the start-up combustor 10. The air supplied 
to the start-up combustor 10 quickly reduces the tem- 
perature of the start-up combustor 10 and residual 
methanol in the start-up combustor 1 0 is expelled to the 
mixer 8 and combusted in the catalytic combustor 9. 
Heat resulting from the combustion of residual methanol 
in the catalytic combustor 9 is reused to vaporize meth- 
anol in the vaporizer 5. 

[0108] This embodiment has a simpler structure than 
the third embodiment, but still prevents deterioration of 
operating performance or ignition characteristics of the 
start-up combustor 10 due to residual methanol on the 
next occasion when it is operated. 
[0109] Referring to FIGs. 12 - 14, a fifth embodiment 
of this invention will be described. 
[0110] Instead of the flow control valve 29 and the 
passage 30 according to the third embodiment, this em- 
bodiment provides a passage 34 and a flow control 
valve 35. The passage 34 is connected to the start-up 
combustor 1 0. The passage 34 is bifurcated from a pas- 
sage which discharges the anode effluent of the fuel cell 
stack 1 to the mixer 8. 

[0111] The flow control valve 35 regulates the flow 
amount of the passage 34. In this embodiment, the con- 
troller 50 introduces hydrogen-containing anode efflu- 
ent discharged from the anode 1 B of the fuel cell stack 
1 into the start-up combustor 1 0 after stopping the in- 
jection of methanol in the start-up combustor 10. The 
hydrogen-containing anode effluent introduced into the 
start-up combustor 10 expels residual methanol in the 
start-up combustor 10 to the catalytic combustor 9. 
[0112] The controller 50 performs a stopping routine 
shown in FIG. 13 when stopping operation of the start- 
up combustor 10. 

[0113] Referring to FIG. 13, the steps S1 to S5 of this 
routine are the same as the routine of FIG. 2. However 
the controller 50 performs a step S5A after the execution 
of the step S5 and then performs in a subsequent step 
S6B a subroutine shown in FIG. 1 4 in order to scavenge 
residual methanol in the start-up combustor 1 0. 
[01 14] In the step S5A, the controller 50 switches the 
switching valve 27 such that the carbon monoxide oxi- 
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dizer 4 is connected to the anode 1 B of the fuel cell stack 
1. 

[0115] Next, the subroutine of FIG. 4 will be de- 
scribed. 

[0116] First, the controller 50 resets the timer value 5 
TM3\n a step S31 to zero. 

[01 17] Next in a step S32, the flow control valve 35 is 
opened and the switching valve 32 is switched so that 
the start-up combustor 10 is connected to the mixer 8 
via the passage 31 . In a step S33, the timer value TM3 10 
is incremented. 

[01 18] In a step S34, rt is determined whether or not 
the timer value TM3 has exceeded a predetermined val- 
ue #TMMAX3. The process in the steps S33 and S34 is 
repeated until the timer value TM3 exceeds a predeter- is 
mined value #TMMAX3. 

[01 1 9] In the step S34, when the timer value TM3 has 
exceeded the predetermined value #TMMAX3, in a step 
S35, the controller 50 closes the valve 35 and switches 
the switching valve 32 so that the start-up combustor 1 0 20 
is connected to the premixer 1 1 . The subroutine is ter- 
minated after this process and the routine of FIG. 13 is 
terminated at the same time. 

[0120] According to this embodiment, in addition to 
preventing temperature increase in the combustion gas 25 
immediately after stopping fuel injection in the start-up 
combustor 1 0, it is possible to prevent deterioration of 
operating performance or ignition characteristics of the 
start-up combustor 10 due to residual methanol on the 
next occasion when it is operated. 30 
[0121] Referring to FIGs. 15 - 17, a sixth embodiment 
of this invention will be described. 
[0122] Instead of the flow control valve 35 and the 
passage 34 of the fifth embodiment, this embodiment 
provides a passage 37 and a flow control valve 38. The 35 
passage 37 introduces hydrogen-containing anode ef- 
fluent from thefuelcell stack 1 to the start-up combustor 
1 0. TTie flow control valve 38 regulates the flow amount 
of the passage 37. Other aspects of the hardware struc- 
ture in the fuel cell power plant are the same as that *o 
described with reference to the fifth embodiment. 
[0123] The controller 50 performs a stopping routine 
shown in FIG. 16 when stopping operation of the start- 
up combustor 10. 

[0124] Referring to FIG. 1 6, the process in the steps 45 
S1 to S5A is the same as the routine of FIG. 13 of the 
fifth embodiment. However the controller 50 performs a 
subroutine shown in FIG. 17 for scavenging residual 
methanol in the start-up combustor 1 0 in a step S6C af- 
ter performing the processing of the step S5A. so 
[0125] Referring to FIG. 1 7, in a step S41 , the control- 
ler 50 resets a timer value TM4 to zero. 
[0126] Next in a step S42, the flow control valve 38 is 
opened and the switching valve 32 is switched so that 
the start-up combustor 10 is connected to the mixer 8 55 
via the passage 31 . In a step S43, the timer value TM4 
is incremented. 

[0127] In a step S44, it is determined whether or not 
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the timer value TM4 has exceeded a predetermined val- 
ue XTMMAX4. The process in the steps S43 and S44 is 
repeated until the timer value TM4 exceeds a predeter- 
mined value 8TMMAX4. In the step S44, when the timer 
value TM4 has exceeded the predetermined value 
#TMMAX4, the controller 50 closes the valve 38 and 
switches the switching valve 32 in a step S45 so that the 
start-up combustor 1 0 is connected to the premixer 1 1 . 
The subroutine is terminated after this process and the 
routine of FIG. 16 is terminated at the same time. 
[0128] According to this embodiment, after the start- 
up combustor 1 0 stops combustion with the air-fuel ratio 
at the rich combustion limit, hydrogen-containing anode 
effluent from the anode 1B is supplied to the start-up 
combustor 1 0. The hydrogen-containing anode effluent 
expels residual methanol in the start-up combustor 10 
to the mixer 8. 

[0129] According to this embodiment, therefore, in ad- 
dition to preventing temperature increase in the com- 
bustion gas immediately after stopping fuel injection in 
the start-up combustor 10, it is possible to prevent de- 
terioration of operating performance or ignition charac- 
teristics of the start-up combustor 10 due to residual 
methanol on the next occasion when it is operated. 
[0130] Referring to FIG. 1 8, FIGs. 19A - 19C and FIG. 
20, a seventh embodiment of this invention will be de- 
scribed. 

[0131] The hardware construction of the fuel cell pow- 
er plant according to this embodiment is shown in FIG. 
20. It is mostly the same as that described with reference 
to the first embodiment. However, the seventh embodi- 
ment has a fuel injector 41 connected to the fuel supply 
line which is connected to the methanol tank 6. The fuel 
injector 41 is disposed on the mixer 8 and injects meth- 
anol therein. 

[0132] In the first-sixth embodiments, the start-up 
combustor 1 0 is operated at a rich air-fuel ratio. Howev- 
er in the seventh embodiment, the start-up combustor 
10 is operated at a lean air-fuel ratio, and the process 
to start-up the power plant is carried on as follows. 
[0133] At first, the start-up combustor 10 starts oper- 
ating as is described in thefirst embodiment, except that 
the air-fuel mixture to be combusted therein is the lean 
air-methanol mixture, and also except that the fuel in- 
jector 1 6 does not supply methanol to the premixer 11 . 
[01 34] The combustion gas discharged from the start- 
up combustor 10 warms up the reformer 3, the carbon 
monoxide oxidizer 4, the catalytic combustor 9, and the 
vaporizer 5. 

[0135] The controller 50 stops combustion inthestart- 
up combustor 1 0 when it is determined that the power 
plant is sufficiently warmed up according to the output 
signal of the temperature sensor 23 disposed on the va- 
porizer 5. Specifically, The controller 50 performs a stop- 
ping routine shown in FIG. 18 instead of the routine 
shown in FIG. 2 of thefirst embodiment when stopping 
operation of the start-up combustor 10. At the same 
time, the controller 50 temporarily stops supplying air to 
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the premixer 11 and the carbon rnbnoxide oxidizer 4 by 
closing the valve 12B and 12E. 
[0136] Referring to FIG. 18, firstly the controller 50 
stops fuel injection by the fuel injector 15 in a step S51 . 
[0137] Then in a step S52, the controller 50 compares 
the temperature TG of the combustion gas input from 
the temperature sensor 21 with a predetermined tem- 
perature 8TGLW2. The predetermined temperature 
#TGLW2 corresponds to the self-ignition temperature of 
the gaseous mixture. When the temperature TG of the 
combustion gas is lower than the self-combustion tem- 
perature, the gaseous mixture does not ignite. In the 
step S52, the controller 50 maintains this state until the 
combustion gas temperature TG becomes lower than 
the predetermined temperature #TGLW. 
[0138] When the combustion gas temperature TG is 
less than the predetermined temperature &TGLW2, the 
controller 50 closes the valve 12C in a step S53 and 
terminates the routine. 

[0139] According to this embodiment, while the start- 
up combustor 1 0 is warming up the reformer 3, the con- 
troller outputs a command signal to the valve 12C to 
maintain a predetermined opening as shown in FIG. 
19A, and outputs a command signal to the fuel injector 
1 5 to inject a predetermined amount of fuel as shown in 
FIG. 1 9B so that a predetermined lean air-fuel ratio is 
maintained. 

[0140] With this lean air-fuel ratio, the start-up com- 
bustor 10 combusts methanol and generates a combus- 
tion gas with a predetermined high temperature as 
shown in FIG. 19C. 

[0141] Atatime t1 : when the reforming cycle is estab- 
lished, the controller 50 stops the fuel injection by the 
fuel injector 15. After stopping fuel injection, there is re- 
sidual methanol in the combustion chamber of the start- 
up combustor 10. The residual methanol is combusted 
with air supplied from the valve 12C. 
[01 42] Since the air amount supplied by the valve 1 2C 
to the start-up combustor 10 remains constant after the 
time t1, the air-fuel ratio in the start-up combustor 10 
becomes leaner until the air-fuel ratio finally reaches the 
lean combustion limit and combustion stops. The lean 
combustion limit of methanol corresponds to the air-fuel 
ratio of approximately 14. 

[0143] In this embodiment, the start-up combustor 1 
is operated at a lean air-fuel ratio until combustion stops, 
Thus after a time t1 at which the fuel injection is stopped, 
the temperature of the start-up combustor 1 0 starts to 
decrease as a result of decrease in the combusted 
methanol amount, and finally combustion stops. 
[0144] At a time t2, at which the temperature has be- 
come lower than the self-ignition temperature, the con- 
troller closes the valve 12C. 

[01 45] According to this embodiment, since the start- 
up combustor 1 0 normally maintains a lean air-fuel ratio 
from norma! operation up until stopping combustion, the 
combustion gas does not undergo a temporary temper- 
ature increase after fuel injection stops. 
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[0146] Thus there is no possibility that the tempera- 
ture of the already-activated reforming catalyst in the re- 
former 3 will exceed the activation temperature range 
as a result of high temperature combustion gas pro- 
duced when the start-up combustor 1 0 stops operation. 
[0147] After the controller 50 performs the stopping 
routine shown in FIG. 18, the mixer 8 mixes the air sup- 
plied through the valve 12D and the methanol supplied 
by the fuel injector 41 to make the lean air-fuel mixture, 
and supplies the lean air-fuel mixture to the catalytic 
combustor 9. The catalytic combustor 9 carries out the 
oxidation reactions to make the hot combustion gas and 
supplies it to the vaporizer 5. 

[0148] The vaporizer 5 vaporizes the methanol sup- 
plied through the flow control valve 14 and the water 
supplied through the flow control valve 17 utilizing the 
heat of the hot combustion gas. The vaporizer 5 then 
supplies the resulting gaseous mixture of methanol and 
water to the reformer 3. 

[0149] The gaseous mixture of methanol and water 
purges air in the reformer 3 and the carbon monoxide 
oxidizer 4, and the purged air flows into the catalytic 
combustor 9. The gaseous mixture is finally combusted 
in the catalytic combustor 9. The controller 50 deter- 
mines the establishment of the reforming cycle of the 
reformer 3 from an increase of the output signal of the 
temperature sensor 23 which senses the temperature 
of the combustion gas. 

[0150] When it has been determined that the reform- 
ing cycle are established, the power plant finishes its 
warm-up and is thereafter operated as same as the first 
embodiment. 

[0151] The contents of Tokugan 2001-107919 with a 
filing date of April 6, 2001 in Japan, are hereby incorpo- 
rated by reference. 

[0152] Although the invention has been described 
above by reference to certain embodiments of the in- 
vention, the invention is not limited to the embodiments 
described above. Modifications and variations of the 
embodiments described above will occurto those skilled 
in the art, in light of the above teachings. 
[01 53] The embodiments of this invention in which an 
exclusive property or privilege is claimed are defined as 
follows: 



Claims 

1 . A fuel cell power plant performing power generation 
so using a hydrogen-containing reformate gas, com- 

prising: 

a reformer (3) comprising a reforming catalyst 
which generates the hydrogen-containing 
55 reformate gas from a source material in a pre- 

determined activation temperature range; 
a start-up combustor (10) which combusts a 
gaseous mixture of fuel and air and supplies a 
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resultant combustion gas to the reformer (3) to 
warm up the reformer (3) to the activation tem- 
perature range; 

an air supply device (12C) which supplies air to 

the start-up combustor (10); 

a fuel supply device (15) which supplies fuel to 

the start-up combustor (10); 

a sensor (24, 25) which detects completion of 

warming up of the reformer (3); and 

a programmable controller (50) programmed 

to: 
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control a fuel supply amount of the fuel sup- 
ply device (15) and an air supply amount 
of the air supply device (12C) to maintain 
an air-fuel ratio of the gaseous mixture at 
a predetermined value other than a stoichi- 
ometric air-fuel ratio (S1); and 
control the fuel supply amount of the fuel 
supply device (15) and the air supply 
amount of the air supply device (12C) to 
cause a difference of the stoichiometric air- 
fuel ratio and the air-fuel ratio of the gase- 
ous mixture to be greater than a difference 8. 
of the predetermined value and the stoichi- 
ometric air-fuel ratio, in the period after 
completion of warming up of the reformer 
(3) until a combustion of the gaseous mix- 
ture terminates (S2 - S5). 

2. The fuel cell power plant as defined in Claim 1, 
wherein the predetermined air-fuel ratio is a prede- 
termined rich air-fuel ratio, and the controller (50) is 
further programmed to stop air supply of the air sup- 
ply device (12C) after completion of warming up of 
the reformer (3) (S2), and to stop fuel supply of the 
fuel supply device (1 5) at a timing later than a timing 
where the air supply device (12C) stops air supply 
to the start-up combustor (10). 10. 

3. The fuel cell power plant as defined in Claim 2, 
wherein the controller (50) is further programmed 
to temporarily increase the fuel supply amount of 
the fuel supply device (15) after the air supply de- 
vice (12C) stops air supply. 

4. The fuel cell power plant as defined in Claim 3, 
wherein the controller (50) is further programmed 
to increase the fuel supply amount of the fuel supply 
device (15) until the air-fuel ratio of the gaseous 
mixture in the start-up combustor (10) reaches a 
rich combustion limit (S4). 
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The fuel cell power plant as defined in Claim 2, 
wherein the fuel cell power plant further comprises 55 
a sensor (21) which detects a temperature of the 
combustion gas, and the controller (50) is further 
programmed to stop fuel supply of the fuel supply 
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device (1 5) after the teW/erature of the combustion 
gas has become lower than a self-ignition temper- 
ature of the gaseous mixture(S5). 

The fuel cell power plant as defined in any of Claim 
2 through Claim 5, wherein the power plant further 
comprises a scavenging mechanism (12, 29, 30, 
34, 35, 37, 38, 50) which supplies scavenging gas 
to the start-up combustor (1 0)for scavenging resid- 
ual gaseous mixture in the start-up combustor (1 0), 
after stopping fuel supply of the fuel supply device 
(15). 

The fuel cell power plant as defined in Claim 6, 
wherein the fuel cell power plant further comprises 
a vaporizer (5) which supplies a vapor of the source 
material to the reformer (3), a catalytic combustor 

(9) which produces a combustion gas to heat the 
vaporizer (5), and a passage (31) which supplies a 
gaseous mixture scavenged from the start-up com- 
bustor (1 0) by the scavenging mechanism (12, 29, 
30, 34, 35, 37, 38, 50) to the catalytic combustor (9). 

The fuel cell power plant as defined in Claim 6 or 
Claim 7, wherein the scavenging mechanism (12, 
29, 30, 34, 35, 37 : 38, 50) comprises a valve (29) 
which supplies the hydrogen-containing reformate 
gas produced by the reformer (3) to the start-up 
combustor (10) as the scavenging gas. 

The fuel cell power plant as defined in Claim 6 or 
Claim 7, wherein the scavenging mechanism (12, 
29, 30, 34, 35, 37, 38, 50) comprises the controller 
(50) further programmed to control the air supply 
device (12C) to supply air to the start-up combustor 

(1 0) as the scavenging gas after stopping fuel sup- 
ply of the fuel supply device (15). 

The fuel cell power plant as defined in Claim 6 or 
Claim 7, wherein the fuel cell power plant further 
comprises a fuel cell stack (1) which comprises a 
cathode (1 A) and an anode (1 B), and generates an 
electric power by a reaction between air supplied to 
the cathode (1A) and the hydrogen-containing 
reformate gas supplied to the anode (1B), the an- 
ode (1B) producing a hydrogen-containing anode 
effluent as a result of the reaction, and the scaveng- 
ing mechanism (12, 29, 30, 34, 35 s 37, 38, 50) com- 
prises a valve (35) which supplies the hydrogen- 
containing anode effluentfrom the anode (1 B) to the 
start-up combustor (10) as the scavenging gas. 

The fuel cell power plant as defined in Claim 6 or 
Claim 7, wherein the fuel cell power plant further 
comprises a fuel cell stack (1) which comprises a 
cathode (1 A) and an anode (1 B), and generates an 
electric power by a reaction between air supplied to 
the cathode (1A) and the hydrogen-containing 
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refonmate gas supplied 16 the anode (1 B), the cath- 
ode (1 A) producing an oxygen-containing cathode 
effluent as a result of the reaction, and the scaveng- 
ing mechanism (1 2, 29, 30, 34, 35, 37, 38, 50) com- 
prises a valve (38) which supplies the oxygen-con- 
taining cathode effluent from the cathode (1 B) to the 
start-up combustor (10) as the scavenging gas. 

12. The fuel cell power plant as defined in Claim 1, 
wherein the predetermined air-fuel ratio is a prede- 
termined lean air-fuel ratio, and the controller (50) 
is further programmed to stop fuel supply of the fuel 
supply device (15) after completion of warming up 
of the reformer (3) (S51), and to stop air supply of 
the air supply device at a timing later than a timing 
where the fuel supply device (15) stops fuel supply 
to the start-up combustor (10). 

13. The fuel cell power plant as defined in Claim 12, 
wherein the fuel cell power plant further comprises 
a sensor (21) which detects a temperature of the 
combustion gas, and the controller (50) is further 
programmed to stop air supply of the air supply de- 
vice (1 2C) after the temperature of the combustion 
gas has become lower than a self-ignition temper- 
ature of the gaseous mixture (S52, S53). 

1 4. A fuel cell power plant performing power generation 
using a hydrogen-containing reformate gas, com- 
prising: 

a reformer (3) comprising a reforming catalyst 
which generates the hydrogen-containing 
reformate gas from a source material in a pre- 
determined activation temperature range; 
a start-up combustor (10) which combusts a 
gaseous mixture of fuel and air and supplies a 
resultant combustion gas to the reformer (3) to 
warm up the reformer (3) to the activation tem- 
perature range; 

an air supply device (12C) which supplies airto 

the start-up combustor (1 0); 

a fuel supply device (1 5) which supplies fuel to 

the start-up combustor (1 0); 

a sensor (24, 25) which detects completion of 

warming up of the reformer (3); and 

a programmable controller (50) programmed 

to: 

control a fuel supply amount of the fuel sup- 
ply device (15) and an air supply amount 
of the air supply device (12C) to maintain 
an air-fuel ratio of the gaseous mixture at 
a predetermined rich air-fuel ratio (S1); 
stop air supply of the air supply device 
(12C) after completion of warm up of the 
reformer (3) (S2); and 
control the fuel supply device (15) to tem- 



porarily increase the fuel supply amount of 
the fuel supply device (15) until stopping fu- 
el supply of the fuel supply device (1 5) (S3 
- S5). 

5 

15. A fuel cell power plant performing power generation 
using a hydrogen -containing reformate gas, com- 
prising: 

10 a reformer (3) comprising a reforming catalyst 

which generates the hydrogen -containing 
reformate gas from a source material in a pre- 
determined activation temperature range; 
a start-up combustor (10) which combusts a 

15 gaseous mixture of fuel and air and supplies a 

resultant combustion gas to the reformer (3) to 
warm up the reformer (3) to the activation tem- 
perature range; 

means (12C) for supplying air to the start-up 
20 combustor (10); 

means (15) for supplying fuel to the start-up 
combustor (10); 

means (24, 25) for detecting completion of 
warming up of the reformer (3); and 

25 means (50) for controlling a fuel supply amount 

of the fuel supply means (15) and an air supply 
amount of the air supply means (12C) to main- 
tain an air-fuel ratio of the gaseous mixture at 
a predetermined value other than a stoichio- 

30 metric air-fuel ratio (S1); and 

means (50) for controlling the fuel supply 
amount of the fuel supply device (15) and the 
air supply amount of the air supply device ( 1 2C) 
to cause a difference of the stoichiometric air- 

35 fuel ratio and the air-fuel ratio of the gaseous 

mixture to be greater than a difference of the 
predetermined value and the stoichiometric air- 
fuel ratio, in the period after completion of 
warming up of the reformer (3) until a combus- 

40 tion of the gaseous mixture terminates (S2 - 

S5). 

1 6. A control method for a fuel cell power plant perform- 
ing power generation using a hydrogen-containing 

45 reformate gas, the fuel cell power plant comprising 
a reformer (3) comprising a reforming catalyst 
which generates the hydrogen-containing refor- 
mate gas from a source material in a predetermined 
activation temperature range, a start-up combustor 

so (1 o) which combusts a gaseous mixture of fuel and 
air and supplies a resultant combustion gas to the 
reformer (3) to warm up the reformer (3) to the ac- 
tivation temperature range, an air supply device 
(12C) which supplies air to the start-up combustor 

55 (10), a fuel supply device (15) which supplies fuel 
to the start-up combustor (10), the method compris- 
ing: 



11 



1NSOCCID: <EP 1 24831 2A2_L> 




EP 1 248 312 A2 



detecting completion of warming up of the re- 
former (3); 

controlling a fuel supply amount of the fuel sup- 
ply device (15) and an air supply amount of the 
air supply (12C) to maintain an air-fuel ratio of $ 
the gaseous mixture at a predetermined value 
other than a stoichiometric air-fuel ratio; and 
controlling the fuel supply amount of the fuel 
supply device (15) and the air supply amount 
of the air supply device (1 2C) to cause a differ- 10 
ence of the stoichiometric air-fuel ratio and the 
air-fuel ratio of the gaseous mixture to be great- 
er than a difference of the predetermined value 
and the stoichiometric air-fuel ratio, in the peri- 
od after completion of warming up of the re- *5 
former (3) until a combustion of the gaseous 
mixture terminates (S2 - S5). 
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